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OBJECTIVES

aims to assess the effectiveness of the coal mine 
methane drainage in the multiςseam coal mine 
situated within the Upper Silesian Coal Basin 
(USCB) in Poland using the long reach horizontal 
boreholes and cross measure boreholes. 

Determination of the effectiveness of the CMM 
drainage is carried out using numerical methods 
coupling geomechanicswith the modeling of the 
reservoir fluid flow. 

STUDY LOCATIONANDOBJECTIVES



Geologicalsetting
Fig. 1. Location of the study 
area in the vicinity of the I-C 
longwall marked with the red 
polygon with five horizontal 
degassing boreholesystem 
visualized on the structural 
map of the coal seam (CS) 501 
bottom within the C field in the 
Staszic-WujekCoal Mine 
limited with major faults (A) 
and the interval of the interest 
subjected to the drainage (B).
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METHODOLOGY

Figure. 2. Integrated geological geomechanicaland fluid flow modelling and simulation workflow

Largescale3D model

Localscale3D model

horizontal grid resolution of 25 x 25 m

horizontal grid resolution of 6 x 6 m



Structural model of the strata

between 610 and 414 coal seams

Structureof 501 CS

Horizontalresolution 25 x 25 m 

3D STRUCTURAL MODEL

ÅDevelopment of large scale
and high resolution 3D
structural models depicting
tectonic settings, geometry of
main structural surfaces and
thickness of particular
lithologicalunits



WP 3: NUMERICAL MODELING AND SIMULATION OF METHANE DRAINAGE PROCESS

Development  of largescale lithotype model driving
parametricmodelsof petrophysicaland geomechanical
properties. 

3D PARAMETRIC MODEL



Fig. 4.Petrophysicallargescalemodels of the C field strata between top surfaceand 610 CS  in the Murcki-Stasziccoalmine
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3D PARAMETRIC MODEL ςPETROPHYSICAL PROPERTIES



Figure. Diagram presentingthe lithologicalmodel (track1), HRA basedlithotypes(coalςmarkedin pink, sandstonesin red, shalesin greensandyshalesin green-yellow(track3), input data 
(GR - Gamma Ray, vp - compressionalvelocity, vs - shearwavevelocity, ́  - density) (track4) and calculatedstaticmechanicalparameters(UCS ςmarkedwith orangedashedline, Young 
modulusςmarkedwith blueline and Poisson ratio ςmarkedwith pinkcontinuousline). 

tƻƛǎǎƻƴΩǎratio

Young modulus

3D PARAMETRIC MODEL ςGEOMECHANICAL PROPERTIES



Frictionangle UCS TENSILE

Basedon well log data; KWK M-S archivaldata; WP2 data; Zhuet al., 2019; Ortuz, 1986; Jacobsen, 1942; 

Szottet al., 2018; Malkowski, 2008; Godula, 1984)

3D PARAMETRIC MODEL ςGEOMECHANICAL PROPERTIES



V 3D geomechanicalmodel of  the C field in Murcki ςStaszic coalmine

V Determinationof boundaryconditions: 

V Stress regime: normalfaulting, ̀ v > H̀ > ̀ h (Zubereket al., 1997), ̀3/ 1̀=0.17, ̀ Hazimuth= 
99deg(Dubinskiet al., 2019)

V Calculationof stressand strainfield in initial geologicalconditionsprior to the miningactivity
in the largescalemodel

V Calculationof stressand strainfield in miningconditionsaffectedby the miningactivity (large
scalemodel)

Fig. 4. Geomechanicallargeςscale
model of the C field in the 
Murcki-Stasziccoalmine

(Dubinskiet al., 2019)

Porepressure

(Rozkowskiet al., 1990)

WesolaPIG-1 DIFS/breakouts)

INITIAL STRESS AND STRAIN IN REGIONAL MODEL



3D structuralmodel Faciesmodel

tƻƛǎǎƻƴΩǎratio

V 3D geomechanicaland parametricmodelsof  the C field in Murcki ς
Staszic coalmine(largescale) and localmodelsof drainagearea

V Determinationof boundaryconditions: 

V Stress regime: normalfaulting, ̀ v > H̀ > ̀ h (Zubereket al., 1997), 
H̀/ h̀= 1.25 (Jarosinski, 2005), ̀ Hazimuth= 99deg(Dubinskiet 

al., 2019; analysisof damagezonesin WesolaPIG-1 borehole)

V Calculationof stressand strainfield in initial geologicalconditions
prior and dueto the miningactivity in the largescalemodel

V Calculationof stressand strainfield in miningconditionsaffectedby 
the miningactivity (largescalemodel)

CS 349

3D localparametricmodels

e,sfield

Statistical relationships

1 D models

3D largescaleparametricmodels

Elasticproperties(E, ˄ ) Strenghtproperties

Petrophysicalproperties( ,́ ˒ , k)

Geomechanicalsimulations

(UCS, FA, TENS)

3D PARAMETRIC MODEL ςLOCAL-SCALE MODELS



PROBLEM: Simultaneous flow and geomechanical 

simulations ²complexsimulation modelling of very high 

computational costs 

CONVENTIONAL APPROACH: External coupling between 

separate simulations of fluid flow evolution (pressure and 

saturation distributions) and static geomechanical state 

(strain and stress tensor distributions) by best available 

flow and geomechanical simulators, respectively ²

iterative method supplemented with correlationsbetween 

rocks transport properties and their  geomechanical state 

²until appropriate consistency achieved

Effectiveness of the approach, depending on the rates of 

geomechanical and transport properties variations, may 

result in work²and time²consuming runs

Flow diagram of conventional simulation coupling

EFFECTIVE COUPLING OF FLOW AND GEOMECHANICAL SIMULATIONS



ALTERNATIVE SOLUTION: Effective coupling by local 

correlations between reservoir pressure variations (DP) 

and modifications of rock transport properties from 

geomechanical effects (De,Ds) and their correlations 

with transport properties (DT,DPV) at specific time 

intervals including continousflow and geomechanical 

variations:  DP­De,Ds­DPV,DT ²maximum 

implicite approach 

Initial (@ t) flow and geomechanical state

Final (@ t+Dt) flow state (p, S)

Final (@ t+Dt) geomechanical state (s, e)

Final (@ t+Dt) transport properties (T, PV)

Continues variation of transport propõs (T, PV) vs. p, S

Final (@ t+Dt) flow state (p, S) 
with implicite transport properties variation 

Transport properties
upgrade: T, PV vs. s, e

Local correlations:
s, e vs. p, S
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Flow diagram of simulation effective coupling

EFFECTIVE COUPLING OF FLOW AND GEOMECHANICAL SIMULATIONS



Geomechanical state variations during coal mining:

Á elastic deformations due to pressure reduction ²continuous variations ²global (model) range ²implicit simulations 

Á plastic deformations due to excavation activities ²(model) discrete variations ²local range ²explicit simulations

Á rock (coal) failure ²(model) discrete variations ²local range ²explicit simulations

Effects of geomechanical state variations upon transport properties of rocks:

Á porosity, f(pore volume, PV) modifications due to elastic and plastic deformations 

Á permeability, k (transmissibility, T) modifications due to elastic and plastic deformations

Á diffusion rate increase due to rock (coal) failure 

GEOMECHANICAL EFFECTS UPON ROCK PROPERTIES



Effective correlations between reservoir pressure variations (DP) and rock transport properties (DT, DPV) implicitelyapplied in simulation 

process and combined from:

Á local correlations between reservoir pressure variations (DP) and modifications of rock transport properties from geomechanical

effects (De, Ds)

Á correlations between geomechanicalstate variations (De, Ds) and rock transport properties (DT, DPV), e.g. 

Local correlation: Devs DP

Local correlation: DPV vs DP

Local correlation: DT vs DP

DT = g(Dev) 

Local regions identification
Kozeny-Carman isotropic model
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EFFECTS OF CONTINOUS DEFORMATIONS


